Objective: Determine the impact of cytolytic versus IL-2 receptor antibody (IL-2RA) induction on acute rejection, graft loss and death in AfricanAmerican (AA) kidney transplant (KTX) recipients. Background: AAs are underrepresented in clinical trials in transplantation; thus, there is controversy regarding the optimal choice of perioperative antibody induction in KTX to improve outcomes. Methods: National cohort study using US transplant registry data from January 1, 2000 to December 31, 2009 in adult solitary AA KTX recipients, with at least 5 years of follow-up. Multivariable logistic and Cox regression were utilized to assess the outcomes of acute rejection, graft loss, and mortality, with interaction terms to assess effect modification. Results: Twenty-five thousand eighty-four adult AAs receiving solitary KTX were included, 16,927 (67.5%) received cytolytic induction and 8157 (32.5%) received IL-2RA induction. After adjustment for recipient sociodemographics, donor, and transplant characteristics, the use of cytolytic induction therapy reduced the risk of acute rejection by 32% (OR 0.68, 0.62-0.75), graft loss by 9% (HR 0.91, 0.86-0.97), and death by 12% (HR 0.88, 0.83-0.94). There were a number of significant effect modifiers, including public insurance, panel reactive antibody, delayed graft function, and steroid withdrawal; in these groups, cytolytic induction substantially improved clinical outcomes.
T he use of induction therapy within kidney transplantation has a long and well-studied history. 1, 2 Before the advent of antibody preparations, clinicians utilized lymph depletion, high-dose intravenous corticosteroids, and high doses of other immunosuppressants as induction therapies. [3] [4] [5] From the 1990s onward, induction therapy in transplantation is typically thought of as using mono or polyclonal antibody preparations given perioperatively. Studies have demonstrated that induction therapies using antibody preparations clearly reduce the risk of acute rejection. However, their impact on long-term graft and patient survival is not as well defined. High immunologic risk patients may benefit from more intense induction therapy preparations, such as the cytolytic agents. 1, 2 The use of the non-T-cell depleting agents [IL-2 receptor antagonist (IL-2 RA) preparations] is still popular choices within kidney transplantation, but is generally recommended for use in lower immunologic risk patients. [6] [7] [8] In transplantation, African Americans (AAs) are considered high-immunologic risk patients for a wide array of biologic and socioeconomic reasons. [9] [10] [11] [12] Because of this, there is considerable debate about which antibody induction therapies to utilize within AAs, with no current data demonstrating improved patient or graft survival with the use of cytolytic induction therapies within AAs; however, these studies are restricted by their size and short follow-up, limiting the power to detect differences even if they do exist. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] Because of these shortcomings and the limited numbers of AAs enrolled in randomized controlled trials (RCTs), the question of the effectiveness of cytolytic versus IL-2RA induction therapies specifically within the AA kidney transplant population is not well studied or understood. Therefore, the aim of this analysis was to utilize contemporary data available from the national transplant registry to conduct an adequately powered long-term analysis assessing the impact of cytolytic versus IL-2RA induction therapy on clinical outcomes within adult AA kidney transplant recipients.
METHODS

Study Design and Data Source
A nationwide population cohort study of kidney transplant recipients was conducted in a retrospective manner utilizing the United Network of Organ Sharing (UNOS) national registry database. UNOS is a nonprofit private organization that has held the US Government Organ Procurement and Transplantation Network contract to manage the nation's organ transplant system, including capturing and tracking outcomes on all transplants that occur within the United States. 25 After gaining local IRB exempt approval and signing a data use agreement with UNOS, the deidentified standard transplant analysis and research files were acquired, which contained all transplants performed from October 1, 1986 through March 31, 2016.
Patients
Patients were considered eligible for the inclusion in this study if they received a kidney transplant within the United States between January 1, 2000 and December 31, 2009. This starting time period was chosen as it represents a contemporary era of transplantation,
From the
Study Variables and Outcomes
The primary variable of interest was induction therapy utilized at the time of transplant. For analytic purposes, this was categorized into 2 groups: cytolytic therapy versus IL-2RA therapy. Cytolytic therapy included receiving at least 1 dose of antithymocyte globulin [rabbit (rATG) or horse], muromonab (OKT3), or alemtuzumab. IL-2RA therapy included receiving at least 1 dose of either daclizumab or basiliximab. Those who received both cytolytic and IL-2RA therapy were placed in the cytolytic group, as this is the more potent therapy. Those who did not have the use of induction therapy documented in the registry were excluded (no induction). Covariates that were collected and included in this analysis were age, sex, body mass index, primary insurance at the time of transplant (categorized as Medicaid/Medicare or other), primary end-stage renal disease diagnosis (classified as hypertension, diabetes, or other), history of diabetes at the time of transplant, history of hypertension at the time of transplant, time on the waiting list, receiving dialysis at the time of transplant, donor age, donor sex, donor race (categorized as AA or other), donor type (living, deceased, extended criteria, or circulatory death), human leukocyte antigen (HLA) mismatches and type (A, B, and DR), panel reactive antibody (PRA) at the time of transplant (current) and peak, previous kidney transplant, delayed graft function (need for dialysis within 7 d after transplant) and baseline immunosuppression received at discharge from the index transplant hospitalization, including tacrolimus, cyclosporine, mycophenolate, azathioprine, mammalian target of rapamycin therapy (sirolimus or everolimus), and corticosteroids.
There were 3 primary outcomes that were assessed for this study, which included time to graft loss, time to death, and incidence of acute rejection. Graft loss was defined as the return to chronic dialysis or need for retransplantation, with death accounted for as a competing event. Death was defined by transplant center reporting with mapping to the Social Security Master Death File to validate these events. Acute rejection was reported by transplant centers to UNOS and included biopsy-proven and clinically suspected rejections that were treated with antirejection therapy. 25, 27 Incident acute rejection was assessed at 6-months posttransplant, 1-year posttransplant, and at the end of follow-up.
Statistical Analysis
Analyses included both univariate and multivariable components. For univariate analyses, continuous normally distributed data were summarized using means AE standard deviations, with nonnormal data displayed as medians and interquartile ranges. The 2-sided independent t test was used to compare normally distributed continuous data and the Mann-Whitney U test was used for comparisons of non-normal data. Categorical data were summarized using percentages and compared between induction groups using the x 2 square test. To assess the impact of induction therapy on the time to graft loss, Cox regression was utilized, with death accounted for as a competing risk event using the Fine and Gray method. 28 Cox models were fully adjusted using all the baseline variables described above; fully adjusted cumulative incidence functions were estimated from these models, comparing induction therapy groups. 28 Time to death was assessed using standard Cox models, also fully adjusted. Fully adjusted survival curves were estimated from this model, stratified by induction group. We utilized a marginal model to provide robust sandwich covariance matrix adjusted estimates by accounting for clustering by duplicate patients (repeat transplants), transplant center, and transplant year. 29 Cox regression model results are reported as hazard ratios and adjusted hazard ratios (aHR). Binary logistic regression was utilized to assess the impact of induction therapy on acute rejection with results reported as odds ratios (OR) and adjusted odds ratios (aOR). These models were also fully adjusted using baseline variables and the probability of developing acute rejection based on induction therapy was estimated. Interaction terms were utilized in iterative models to determine if statistically significant effect modification was present for baseline variables listed above. Datasets were then stratified and models rerun for those variables where the interaction terms (induction therapy Â variable) were statistically significant. Multiple imputation, using fully conditional specification methodology, was used to assess the impact of missing data on the inferred estimates, by comparing the estimates from the complete case analysis to the imputed analysis.
30,31 A 2-sided P value of <0.05 was considered statistically significant. SAS version 9.4 (SAS Institute, Cary, NC) was utilized to conduct all analyses.
RESULTS
A total of 171,104 kidney recipients, transplanted between 2000 and 2009, were eligible for the inclusion in this cohort study. Of these, 8293 were excluded for age <18 years, 2123 were excluded for receiving a nonrenal transplant, 125,349 were excluded for not being AA, and 10,255 were excluded for not receiving either IL-2RA or cytolytic induction therapy; leaving 25,084 included in the final analysis; 8157 (32.5%) received IL-2RA induction therapy and 16,927 (67.5%) received cytolytic induction therapy (see Supplemental Figure 1 for the consort diagram, http://links.lww.com/SLA/ B267). Baseline recipient and donor demographics, compared by induction type, are displayed in Table 1 . Those who received cytolytic induction were more likely to be female, have a higher body mass index, have higher use of public insurance, spend longer on the waiting list, and were significantly less likely to receive a living donor, while being more likely to receive an ECD or DCD donor kidney. Table 2 displays the baseline recipient immunologic risk factors and maintenance immunosuppression, also stratified by induction type. Those who received cytolytic induction had more HLA mismatches, were more likely to be sensitized to HLA antigens (higher % PRA), had longer cold ischemic times, were more likely to be retransplants and develop delayed graft function. Baseline immunosuppression was more likely to be tacrolimus-based and steroid withdrawal was 3 times more common in those who received cytolytic induction. To summarize, there were significant differences between the induction cohorts, with the cytolytic induction group having more immunologic risk factors to develop acute rejection and graft loss, particular as it relates to donor type and the development of delayed graft function.
In AA kidney transplant recipients, the use of cytolytic induction therapy reduced the crude and adjusted odds of developing acute rejection by 32% (OR 0.68, 95% CI 0.63-0.73; P < 0.001, aOR 0.68, 95% CI 0.62-0.75, P < 0.001). Figure 1 displays the crude and adjusted incident rate of acute rejection across posttransplant time periods; cytolytic induction therapy reduced the relative risk of acute rejection by 20% to 28% across all time periods (P < 0.001). Cytolytic induction therapy also reduced the risk of graft loss by 9% (aHR 0.91, 95% CI 0.86-0.97, P ¼ 0.003) and the risk of death by 12% (aHR 0.88, 95% CI 0.83-0.94, P < 0.001) in AAs. The fully adjusted cumulative incidence estimates for graft loss are displayed in Figure 2 and the adjusted patient survival estimates are displayed in Figure 3 .
A number of variables significantly modified the effect of cytolytic induction therapy on the outcomes of acute rejection, graft loss, and death. For acute rejection, those receiving public insurance, those with PRA>20%, and those with delayed graft function had a substantially larger reduction in risk of acute rejection when receiving cytolytic induction (top of Fig. 4 ). For the outcome of graft loss, cold ischemic time, AA donor race, and steroid withdrawal were all significant effect modifiers (middle of Fig. 4) , while for the outcome of death, public health insurance was a significant effect modifier of cytolytic induction therapy (bottom of Fig. 4 ). There were no measured variables that led to effect modification such that cytolytic induction therapy induced harm by significantly increasing event rates. This included characteristics that would traditionally be considered low immunologic risk factors or factors that may increase the incidence or severity of opportunistic infections, such as diabetes, living donor, and advanced recipient age.
Sensitivity analyses were conducted to assess the degree and impact of missing data on the estimates. Supplemental Table 1 , http:// Analysis using multiple imputation demonstrated that missingness was likely missing at random, as it had no appreciable impact on the estimates for the effect of induction therapy on the outcomes of acute rejection (0% difference in estimates), graft loss (1% difference in estimates), and death (0% difference in estimates), see Supplemental Table 2 , http://links.lww.com/SLA/B267.
DISCUSSION
The results of this analysis of all adult AA recipients of solitary kidney transplants between 2000 and 2009 demonstrate that cytolytic induction therapy, as compared with IL-2RA therapy, substantially reduces the risk of acute rejection, and significantly prolongs graft and patient survival. This is the first large-scale analysis we are aware of demonstrating improved graft and patient survival through induction therapy in AA kidney transplant recipients. Further, the results demonstrated that all subgroups of AAs benefited from cytolytic induction therapy, particularly those who were sensitized, developed delayed graft function and underwent steroid withdrawal. No AA subgroups, including those of low immunologic risk or high infectious risk, demonstrated deleterious clinical outcomes from cytolytic induction therapy. Taken in their entirety, these results provide considerable evidence to suggest that most, if not all, contemporary adult AA solitary kidney transplant should receive cytolytic induction therapy as part of their immunosuppressant regimen.
The short-term comparative efficacy of different antibody induction therapies in the general kidney transplant population is fairly well studied, with a number of prospective RCTs. In 2006, Brennan et al 22 published a multicenter RCT comparing rATG versus basiliximab induction in 278 patients at high risk of acute rejection or DGF. All patients received maintenance immunosuppression with cyclosporine, mycophenolate, and prednisone. At 1 year posttransplant, the incidence of acute rejection (16% vs. 26%, P ¼ 0.02) was lower in the rATG group. DGF, graft loss, and death were similar between groups. The number of AAs in this study was relatively low at 28.8% (n ¼ 80); additionally, the study was not powered and did not have enough follow-up to assess long-term outcomes, such as graft loss and death, particularly within the AA patients. 22 Pilch et al 23 published a single-center prospective RCT comparing rATG to IL2-RA induction in 200 moderate to high-risk kidney transplant recipients. All received tacrolimus, mycophenolate, and prednisone maintenance immunosuppression. The 1-year acute rejection rate was similar between groups (10% in basiliximab vs. 6% in rATG patients, P ¼ 0.30), but was significantly lower in the AA patients, which represented 50% of patients (n ¼ 99). Graft and patient survival rates were similar between induction groups, but this study was not powered and did not have enough follow-up to assess the long-term impact of induction therapy. 23 Thus, in the short-term, these RCTs suggest AAs may have improved efficacy from cytolytic induction therapy as compared with Caucasians and other racial/ ethnic groups. 16, 21, 32 Our analysis utilized national registry data to allow for a study with sufficient power and follow-up to assess the impact of cytolytic induction on long-term patient and graft outcomes, while also confirming the substantial effect cytolytic induction has on short-term acute rejection rates in AAs. There are additional clinical trials published that demonstrate significant reductions in acute rejection rates with cytolytic induction therapy use, as compared with IL2-RA in immunologically high-risk patients. However, these studies were deficient in AAs, which represents the largest high-risk transplant subpopulation within the United States. 33, 34 FIGURE 3. Estimate of adjusted patient survival, stratified and compared by induction therapy.
Ã Adjusted for age, sex, BMI, insurance, waiting time, dialysis at the time of transplant, previous transplant, primary diagnosis, history of diabetes, history of hypertension, current PRA, peak PRA, HLA mismatches, cold ischemic time, living donor, expanded criteria donor, circulatory death donor, donor sex, donor race, baseline immunosuppression, steroid withdrawal and delayed graft function. BMI indicates body mass index. FIGURE 2. Estimate of adjusted cumulative incidence of graft loss, accounting for death as a competing risk, stratified and compared by induction therapy.
Ã Adjusted for age, sex, BMI, insurance, waiting time, dialysis at the time of transplant, previous transplant, primary diagnosis, history of diabetes, history of hypertension, current PRA, peak PRA, HLA mismatches, cold ischemic time, living donor, expanded criteria donor, circulatory death donor, donor sex, donor race, baseline immunosuppression, steroid withdrawal, and delayed graft function. BMI indicates body mass index.
In 2007, Patlolla et al 35 published a study using 5 years of data from Scientific Registry of Transplant Recipients to conduct a largescale retrospective cohort study comparing rATG to IL2-RA with no induction therapy. The analysis, using multivariable models to adjust for confounders, demonstrated that cytolytic induction therapy reduced acute rejection rates, but had similar rates of graft survival, as compared with IL-2RA. The reduction in acute rejection rates (aOR 0.90, 95% CI 0.83 -0.99) in the rATG compared with IL-2RA was less impressive, as compared with the impact demonstrated within our study of only AA recipients (aOR 0.68, 95% CI 0.63-0.73). Our study also included a 10-year contemporary cohort with substantially longer follow-up, thus allowing for improved power to assess the impact of cytolytic induction therapy on long-term graft survival. 35 Jindal et al 14 analyzed transplant registry data in a 2009 publication, demonstrating that rATG use, as compared with IL-2RA induction therapy, was associated with a nonstatically significant reduction in the risk of graft loss in AAs (aHR 0.95, 95% CI 0.87-1.04). The population of AAs in the Jindal study was 58% smaller (n ¼ 10,568) and had substantially shorter follow-up, as compared with our analysis, which is likely why they were unable to demonstrate a significant difference in long-term patient and graft outcomes. 14 We improved on these limitations and because of a large sample-size with long-term follow-up, were able to utilize interaction terms in models to assess for clinically significant effect modification by induction type specifically within AAs.
Our results also demonstrate a number of important effect modifiers that varied the impact of cytolytic induction on outcomes within AA kidney transplant recipients. For acute rejection, those with a peak PRA >20% and those who developed DGF all had a substantially larger impact from cytolytic induction therapy. As DGF and PRA are known to be strong immunologic risk factors, it is logical that cytolytic induction therapy improves outcomes to a greater degree within these subgroups. [36] [37] [38] [39] The issue of public insurance (Medicare/Medicaid) as a significant effect modifier of cytolytic induction therapy for the outcomes of both acute rejection and patient mortality is intriguing. Previous analysis of the transplant registry demonstrates that public insurance is a significant risk factor for graft loss, independent of race. 40 This risk may be mediated through medication adherence, as those with Medicare and Medicaid may have limited means to afford prescription copays and thus be at higher risk of medication nonadherence, a known risk factor for acute rejection and graft loss. [40] [41] [42] For graft loss, steroid withdrawal was an FIGURE 4. Impact of cytolytic induction therapy on acute rejection, graft loss and death, stratified by variables that had a significant impact on these outcomes.
important effect modifier. It is clear from these data and previous studies that cytolytic induction therapy should be used in transplant cases that are planned to undergo steroid withdrawal; this is particularly important within AA recipients. [43] [44] [45] It is also important to note the factors that had no effect modification, in that they did not influence the impact of cytolytic induction therapy effectiveness. This includes variables that would traditionally place a patient at low risk for acute rejection and/or high risk for infection. These include advanced age, diabetes, and living donor status. [46] [47] [48] [49] Typically, in our experience and based on guidelines, clinicians would not consider cytolytic induction therapy as beneficial in these low-risk recipients; 7 yet data from this study demonstrate that in AAs, these subgroups of patients had a significant benefit from cytolytic induction therapy, with lower rates of acute rejection, graft loss, and death. Thus, within the AA renal transplant population, there were no subgroups of patients that appear to have increased events rates with cytolytic induction therapy.
There are a number of limitations with this study that are worthy of discussion. As this was a retrospective cohort analysis, choice of induction therapy was not random or controlled and there were significant baseline differences between those who received cytolytic versus IL-2RA induction therapies; the cytolytic group had substantially more risk factors for acute rejection and graft loss, when compared with the IL-2RA group. 47 We attempted to account for this through adjustment in multivariable models, but there is likely residual confounding and unmeasured risk that was not accounted for in these models. 50 However, these would likely lead to bias toward the null and thus the estimates from this analysis are conservative. Missing data were also a limitation. Models contained a large number of covariates and thus the complete case analysis comprised of only 71% of the study population. We assessed the impact of this using contemporary missing data sensitivity analyses and concluded that missing data were at random and not likely to bias or skew the results. 30, 31 It should also be noted that variables and outcomes utilized from UNOS are not fully validated, and there may be under-reporting of graft loss rates. 27 However, previous analyses have demonstrated that the quality of the UNOS registry data is quite good, and under-reporting of graft loss would not impact the aHR estimates unless it differed by induction therapy type. 25 Finally, because of limitations of data reporting within the UNOS registry, we did not assess the impact of induction therapy on infectious or cancer risk. Thus, future studies, using different data sources, are needed to fully understand the risk-benefit of cytolytic induction therapy in AAs with regard to these potential hazards.
In conclusion, these results demonstrate that AA kidney transplant recipients receiving cytolytic induction therapy have substantially reduced risk of acute rejection and significantly prolonged graft and overall survival, as compared with those receiving IL2-RA induction therapy. Based on these results, coupled with previous RCTs, we recommend clinicians consider using cytolytic induction therapy in most to all adult AA transplant recipients; particularly those with known risk factors for reduced post-transplant outcomes (public insurance, elevated PRA, DGF, and steroid withdrawal).
sound and sufficiently powered to allow for results that could be instructive.
The fact that the cytolytic induction therapy reduced rejections by 32%, graft loss by 9%, death by 12% was very impressive. This is rendered more remarkable by the impact on the significant effect modifiers-public insurance, panel of reactive antibodies, delayed graft function, and steroid withdrawal. These are all factors that in the past have been associated with poorer outcomes in the African-American transplant recipients. Of interest also is the fact that there were no demonstrated poor outcomes in the category of African-American transplant recipients who fell into that category of low immunological risk recipients. All of the 3 primary outcomes-time to graft loss, time to death, and incidence of true rejections-were objectively defined with a minimum of a 5-year follow-up, thus allowing for the identification of those African-American transplant recipients whose outcomes tend to taper well after the 2-year follow-up period.
The univariate and multivariate analysis using the Fine and Gray method in the Cox Regression Models allowed us to draw conclusions with and without the multiple imputation limitations. While those who received cytolytic therapy had more HLA mismatches, higher PRAs, longer transplant waiting times, longer cold ischemic times, more delayed graft function, and were 3 times more likely to have steroid withdrawal and had a high use of public insurance, they were also less likely to receive a live donor, more likely to receive an expanded donor, or deceased cardiac donor. Yet in all of these circumstances, the outcomes were consistently better.
Opelz and others have additionally identified the association of African-American ethnicities as a correlate of poorer outcome, and this was overcome in those AA transplant recipients who received the cytolytic therapy. This excellent manuscript shares data that demonstrate AA transplant recipients regardless of the ethnicity of the donor and other high-risk correlates, when the recipients are treated with cytolytic therapy rather than IL-2-RA induction therapy, have decreased incidences of transplant rejection, increased graft and patient survival rates regardless of public insurance, steroid withdrawal and AA donor ethnicity. The remainder of the review should remain unchanged.
Dr Prabhakar K. Baliga (Charleston, SC):
Dr Callender, thank you so much for your comments. The challenge with not being able to answer the question about infection or cancer because our national registry does not capture that data, but based on the improvement in patient survival and improvement in graft survival, it would suggest that this does not have any deleterious effects of using cytolytic therapy.
We did not specifically analyze noninduction therapy because I think in this current era, there are adequate studies and randomized controlled trials which have shown the advantages of induction therapy on reducing acute rejection. So that was a group which was not compared. Thank you.
Dr Lloyd Ratner (New York City, NY):
Dr Baliga, thank you very much for your presentation. You had mentioned that in the cytolytic group there were the 3 forms of cytolytic therapy-the antithymocyte globulin, the alemtuzumab, and basically OKT3, I take it. Did you segregate out based on the type of cytolytic therapy and were there any differences?
Dr Prabhakar K. Baliga (Charleston, SC):
Good question. Can I have my slides up again, please? We did do a subanalysis of alemtuzumab versus the antithymocyte globulin. I was expecting that question, so I had a slide. It looks like it's not coming up, but essentially it showed no difference at all. It was equivalent for both the thymo group and the alemtuzumab group.
